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Abstract
Walking and cycling are green transport modes which should be given more attention in future. The quality of footways is not 
always very good. In most cities, road managers have difficulties in estimating the quality level of their footway network. 
Maintenance planning and budgeting are mostly based on ad hoc repairs.
The problem is the lack of a complete evaluation method. After a market survey for different types of measurement equipment, 
we have combined some ideas to develop an evaluation method for footways.
Our approach is based on a network analysis by the manager, with the tool described in this article. Additional information 
(complaints/defects) is obtained from users, through an application on their smartphones or tablets.
The basic idea is that a main inspection is done by the manager at least once a year. An operator travels on a footway with 
a wheelchair, which is the most „sensitive” type of footway user. This wheelchair is equipped with sensors (of a smartphone) and 
a skid resistance measuring device. Three parameters (comfort/longitudinal unevenness in the direction of travel, gradient in the 
direction of travel, and crossfall) can be measured in one run, and a skid resistance measurement is made in each section of the 
network. In total we will thus have four technical indicators and the feedback from the user. All this information will help the 
road manager to maintain his footway network.
We are open to refine this kind of application in consultation with the wheelchair community, using their feedback on the quality 
of footways. A similar exercise could be done for cycle tracks.
The article will explain the idea behind the method suggested for the evaluation of footways at the network level.
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1. Introduction
This article presents an overview of tools available in the market to evaluate technical parameters of the surface 
of a footway. Most devices are capable of measuring one technical parameter. It would be very expensive and time-
consuming to have more than one technical parameter for each footway. The proposed methodology is based on 
objective technical data obtained with low-cost measuring equipment. Additional subjective data is provided by 
users. An application on smartphone will be available to report defects. The user can enter in detail any defect or 
remark with GPS coordinates, a picture, and some comments.
City authorities using this method will have a lot of valuable data at their disposal to make informed decisions for 
footway modifications and maintenance.
2. Evaluation criteria
Relevant technical parameters to be collected for footway evaluation are the following:
x footway width;
x longitudinal unevenness / comfort;
x crossfall / gradient;
x skid resistance / coefficient of friction;
x lighting intensity;
x other (to be added by users).
2.1. Footway width
Different users need different footway widths. In this concept we use a wheelchair. We assume that people with 
impaired mobility are the most „sensitive” users of a footway. If people with a wheelchair, baby car or other vehicle 
can travel in an acceptable way, the criterion is met.
2.2. Longitudinal unevenness / comfort
The feeling of comfort on a footway varies widely with the type of user. In the concept proposed in this article, 
we will measure comfort with a wheelchair equipped with an accelerometer. This evaluation is objective and 
stringent, because a wheelchair user suffers the most from lack of comfort on a footway.
2.3. Crossfall / gradient
Crossfall should normally be lower than 2 %. This parameter will be measured continuously in the concept 
proposed below.
2.4. Skid resistance / coefficient of friction:
The risk of pedestrians falling depends on various factors:
x material used;
x conditions:
o dry / wet;
o clean / dirty;
x person:
o age;
o sex;
o physical condition.
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Fig.1.Source: Health and safety executive.
In the concept proposed below we will measure skid resistance once in each section (objective data). On the other 
hand, the user can add locations where he feels that the surface is slippery (subjective data). Both types of data can 
be helpful to city authorities.
2.5. Lighting intensity
This information will be added by users (subjective data). If any user feels unsafe or thinks that lighting intensity 
is inadequate, he can add this type of information. The road manager can then decide to go and measure illuminance 
on site.
2.6. Other (to be added by users)
Users can add all types of information: suggestions on different topics such as ergonomics, mobility, safety, etc. 
City authorities can use this feedback to manage budgets and plan for the future.
3. Overview of available equipment for footway evaluation
The table below reviews a number of measuring devices that can be used in evaluating footways. Most of them 
are suitable to measure one technical parameter. No measuring device available nationally or internationally can 
measure all the relevant criteria in one run at an affordable price.
In response to this, BRRC is suggesting to develop the concept referred to above and to establish a measurement 
method. The basic concept would be to use a wheelchair fitted with a smartphone allowing continuous 
measurements of longitudinal comfort (gradient) and crossfall, and to make one skid resistance measurement per 
road section. This may be extended with a visual inspection (using camera footage), microtexture measurements, 
laser scanning, etc.
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Fig. 2. Source: BRRC.
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4. Concept
4.1. Basic concept
After analysing the available tools and the way inspections are made in other countries, we found that no existing 
device can measure all the relevant characteristics at an affordable price. That is why we are suggesting the concept 
described below. (This measurement method remains to be refined and the measuring equipment still needs to be 
developed.).
The basic component of the method is a wheelchair. We propose to convert it into a measuring vehicle. (Contacts 
have already been made with wheelchair suppliers and cooperating with them is certainly an option.) The chassis of 
the wheelchair as well as the wheels and the load (weight in the wheelchair) will be determined experimentally, as 
a first step. It seems interesting to choose the chassis and wheels so as to minimize suspension and damping, with 
a view to obtaining a highly sensitive measuring device.
Fig.3. Source: BRRC.
A smartphone is fixed onto the chassis and the following parameters can be measured:
x time;
x GPS;
x orientation with respect to the north (compass);
x speed;
x crossfall / gradient;
x longitudinal unevenness / comfort (with accelerometer).
There is a possibility to add picture or video, as well as external sensors.
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Fig.4. Source: www.icedesign.be .
An evenness indicator can be calculated from the measured signal (given by the accelerometer). The result of 
a test with a smartphone mounted on a bicycle is shown below.
Fig. 5. Source: BRRC.
Fig. 6. Source: BRRC.
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Division into road sections and sub-sections is a prerequisite for efficient network management. Each section must 
have the same pavement. The choice should be made strategically while considering the impact of a repair of a full 
section.
Fig.7. Source: BRRC
Skid resistance / coefficient of friction
As part of the basic concept, we propose to make one skid resistance measurement with the FSC 2000 in each 
section. This is a spot measurement, but it can be made rapidly and, therefore, affords a high yield for network 
management purposes.
Fig.8. Source: www.vloeradvies.com .
4.2. Control
The device is controlled with a tablet that communicates with the smartphone and the external sensors.
4.3. „Coyote”
4.3.1. „Hard” version
This version is used by the network manager, to carry out the inspection. At least three indicators are determined 
from this inspection (crossfall, skid resistance, and comfort or evenness). The report is plotted on a map, as shown 
above. This type of inspection is made at least once in two years, and preferably each year.
4.3.2. „Soft” version
This version is used by footway users. It enables them to report problems with evenness, slipping risks (skid 
resistance), crossfall, lighting, ergonomics or other topics to the network manager. This will rapidly reveal areas for 
priority consideration.
Section 1 Section 2 Section 3
Street
Road pavement
Sidewalk
Parking
Sub-sections
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4.4. Optional measurements / indicators
Fig. 9. Source: BRRC.
4.4.1. Texture
This measurement can be added relatively easily, should a satisfactory correlation between microtexture and skid 
resistance be found one day.
4.4.2. Visual inspection
There is an option to add a camera if we choose to carry out a subsequent visual inspection by computer. This of 
course requires more work, but yields an additional visual indicator.
5. What still remains to be done
The concept presented above has not been tested in actual practice so far. There have been a few tests with 
smartphones on bicycles, but not yet on wheelchairs. The results of those tests appear to be promising. The 
following essential steps still need to be taken:
x the wheelchair has to be selected experimentally, but we may expect to be assisted in this task by a supplier with 
whom we had contacts before;
x the application (app) on smartphone / tablet has to be developed; 
x the measurement method has to be tested and adapted where necessary.
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6. Conclussion
Walking and cycling are green transport modes which will get more attention in future. The quality of footways 
is not always very good. In most cities, road managers have difficulties in estimating the quality level of their 
footway network. Maintenance planning and budgeting are mostly based on ad hoc repairs. With this complete 
evaluation method administrators will be able to manage this asset in a more efficient way and with a well 
determined approach.
